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Abstract 

It is IIC(.(\SS~LSY to (.alil)ratr t l l ~  int,rnsity I)et,~vrc~n 

st,crro ~ I I I ~ L ~ ( ' S  corr(\(.tly to fintl t,llrir corrr(:t corre- 

sponctc~ncc~ w l ~ t ~ i  llsirtg a corr(>liit,io~~ niet11od. Tile 
arlt,llors propose i L  ~ ~ ~ ( ~ t l ~ o i l  of a~rt,oniat,ically tali- 
l)ri~t,ing t,llt. intcmsit,y f r o ~ r ~  t,l~c. irnagr dat,a, 11sir1g 

~ ~ ' ~ ~ l l ( ' l l t ~ - ~ ) i L ~ ( ' ( ~  ~ ~ O r r ~ ~ s ~ ~ O l l ~ ~ ~ ~ ~ l ~ ~ e  ~(~s l l l t~s .  wlli('11 art, r0- 

1)11st, against c l~ang t~s  ill intc.nsity. Tllc effocts of this 

nlethod arc ts1)lainett tllrollgli cspcrirnent,s. 

1 Introduction 

I t  is nc~cc~ssitry to (.itlil)rat(, tll(, i~lt(,nsit,y I ) ( , ~ M ' ~ P I I  
sterco ilnag(>s corr(b(.t,ly to find t,lleir correct corrr- 

spondrrlc(>. Especially, t,llc, adjust,rilcwt of ir~t~vnsity 

is indispc~isablo for t,hc (:orrelation nletliotl based 

on the int,cnsity. Tllrrc are t,wo kinds of cor- 

relation rncthods, orlc. using a normalized cvalua- 

t,ion eq11at.io11 and t,llc, ot,her a difference evaluation 

ecll~at,ior~[l, 21. T l~r ,  forn1r.r nlc,t,l~otl is effective for 

regions, sl~cll as t,hc texture sl~ou,n in Figure l ( a ) ,  

ull~t~re int,cnsit,y rernarkal)ly cliangcs in a corrolat,io~~ 

window. I t  is possil)lc to ohtain correct disparity 

even if tllc i r l t r~~s i ty  is rtneven absolutely I)ct,wecn 

the inlagos I ) ( ~ c ~ L u s ( ~  of  tllc ~iornialization. Tllcx cor- 
rcspond(~l~cc~ niay shift. l~owever, in regions, suc:li as 

t,llc. slladrtl r(~gions sllow~l in Figurt, l ( b ) ,  wl~ctre in- 

t,c.nsit,y cl~angcs snlootl~ly. TIN, 1attc.r ~netl lod is ef- 

fective t , ~  calc~ilat,c t,llt correct disparit,y in sllatled 

regions. Thus, it is nc.c.essary t,o c:alihrat,e the in- 

t,cnsit,y I)ct,wcc~l tllc: inli~gcs to calcrllate th(% correct 

disparity for sr1c.11 shatletl regions. 

0 1 1  tllv otllor hantl, t,llc, st ruct 11ral analysis st,ereo 
~lltbt,l~otl t l ~ i ~ t  IISCS l~ igl~(~r-ordcr  f('at~lr('s of an ilili~ge 

is ~ o ~ i l p " ~ i ~ t , i v ~ l y  ro1)11st against sonre, c~l~anges irl in- 

t,cwsit,y. An c+fective nlt~tllod of calil)rating ilit,c>nsity 
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Figure 1: Corrc.lation rrlethod 

using the intensity information of the corresponding 

points betwren images is tlie segment-based stereo 

niethod[5. 6, 41, which is a kind of structural anal- 

ysis nietliotl. The  procedt~re is esl)lained nest. arid 

the esperirnental results follow. 

2 Processing procedure 

The  processing procedures s1iow11 in the Figure 2 
flowchart are esplained in sequence. Fir\t, the edges, 

u ~ l ~ i c h  are higher-order features, are dc,tected in each 
image. Each section is defined as a sc~glnelit by di- 

viding the edges using soriie characteristic points 
s r ~ c l ~  as turning. wiggle, inflection, tra~lsition. etc.[3]. 

This da ta  is converted into 13-Rep (Boundary Rep- 

resentation) ~vl~ic l i  lias a wi~~ge(l-c~tlg(~ str11ct1lr~[1]. 

Tlie intensity information consists of all intensity 

and a derivative a t  tlie point, wl~icll is not just the 

point on tlie edge hut the point whetre tlie deriva- 
tive is the srnallest point in the neiglll)orllood in the 
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Figure 2: Flowchart of 3D reconstruction 

direction of the normal in the region. In short, the 

intensity information a t  the point on the segment is 

data  of the regions to which it belongs (see Figure 

3). 
The segment is a boundary edge, which divides 

the regions with the different intensity. Therefore, 
even if correspondence in absolute intensity does not 

exist between tlie images, the edge is detected a t  al- 

rriost the same place. Tliis is the rclason why the 

srglnent-l)a.\ed stereo nietl~od that uses tlitlsc fea- 

tures is rol,~ist against clianges of intcal~sity. 

A stand;~rtl irnage (an iniage wl~osc. tlie intc.nsity 
is not corrected) I, is decided. Tlle corrc~spondence 

of tlicb st.gliic.nts 1)etween I, and an iniagc to I)(. cor- 

rected I2 is ol)tainrd using the seg~rlc.l~t-l)a.so(l stereo 

1iietl1otl[5, 61. Tliis ~riethod is based oli finding sirri- 

ilar I)ol~ndaricbs to Il from 1 2 .  The algoritlini is as 
fOllOMr~. 

Sonic. c-antlidates for correspontience pairs con- 

sist o f  two sc,gnients in Il and I2 under cy)ipolar 
contlitioll, tlirection, and intensity. Local sirni- 

larity in ear11 pair is calculated. 

The colinectivit,y of two pairs is decided I)y their 

Figure 3: Intensity information 

distance, intensity, and angle, based on each 

boundary in II . 
The similarity of paths, which are sequences of 

pairs, is evalnated and recalculated by summing 

the local siniilarities. 

Multiple correspondence between pairs is re- 

moved using this similarity, and correspondence 

segments between I, and Iz are obtained. 

Apparent contours are corrcspondence candidates 

because of the evaluation based on segment connec- 

t,ivity in the segment-based stereo method. However, 

the correspontlencts of apparent contours may be in- 

correct and should not be the correspondences used 

to calibrate the intensity. It is therefore necessary to 

use only the segment correspondences of fixed edges. 

The derivative value of the intensity information a t  
each point may be large, because intensity changes 

in the apparent contours are large. The correspon- 

dence candidates are removed by using this feature. 

In multi st,ereo images, they can be removed by using 
images from other viewpoints as verification images. 

Next,, becal~se t,lie corresponde~ice het,wet-n t,lie 

points is ohtailled from tlie segment correspon- 

dences, we can find t,l~e int,ensity corresl)ontlt~nces 

between images. Tlic. intensity calibration c~qr~ation 
between images ( I I ,  12) is derived from the dist,ril)~~- 

tion. If tlie corrcspondence is correct,, the ~)oint,s are 

distributed on a straiglit, lines, and a straight line is 

fitted: 

12(0) = a Il + 6 

a, 6: coeficic~nts 

I i ( n )  :iri~age after tlie nth iteration 

The image 12(0) is calibrated based on this cclr~a- 

tion, and a refined image 12(1) is calculated. Tliis 

same process is rcy)eated using subseqnently rc+ilicd 
image, until 1 2 ( 1 1  ) E II (see Figure 2). 



Finally, t,he correlation mrt,hod is carriccl out on The disparit,y only iri the part with t,hc int.ensitv 
the rc~fined images using evaluation methods such as 

SAD (Sum of Absolute Difference) or SSD (Sum of 

Squarrd Difference), the disparity is calculated, and 

the 3D shape is obtained. In this case, the correla- 

tion is calculated rfficierltly, using the corresponding 

points obtained previously from the segment-based 

strreo method, as the initial values of the corre- 

sponding search. 

3 Experimental results 

The experiment reslllt,s of this niethod are de- 

scribed next. Figure 4 (a )  shows the input stereo 

irnagcs. The right image was taken with the iris 

closed more than t.he left image. The left image 

was processetl as a st,andard image. Thin lines are 
tllc d ~ t ~ e c t e d  edge segments, and bold lines are the 

corrrsponding scgnlrnt.~ folind by the segment,-based 

stclrc~o nittllocl in (b).  Thc. res~llt aftcr elimillat,ion of 

apparrnt contours is (c), which sliows that t>lle seg- 

mr~lt,s in a b d l  and a column are removed. These 
ir11agc.s are tllr res~rlts for the standard image. The 

n111nl)tr of corresponding poirit,s used for calibration 

is 1,G49. Tllc. int,rnsity niap is sllown in (d), whrre 

tl~c, x-axis is t , l~r  irlt,rnsity of tll(' left imag(1 alld tlie 

y-axis t,llat of t,lic right image. Corresponding points 

arc a1111ost distrib~lt~rd 011 a straight line. This graph 

sliows that t,llc right image is a littlr darker than 

thr lcft iruagc. A st,raight line is fitted to this distxi- 

l)ution, and t.lic int,c11isity calihrat,ion equation is as 

follows: 

Tl~ct illtt.~lsity of tlic right irrli~ge is rrfi~ied I>y this 

caIil)ration ecjuatiou. The rcfinetl iniagt is then used 
as tlitt i ~ i p ~ l t  inli~ge, i~lld tllr same process is repeated 

ulitil I, ,yllt  ( 1 1  ) 2 I,r j l .  Tllr process convergt~d after 

six itrratioris ill this imagr and its intensity rnap is 

(p). 

Tllr itcratiori process for coefficicrits n ,  b in the cal- 

r t o i  t o  is l o r  i f ) .  Tllv calil)ratio~i 

r c l ~ l a t i o ~ ~  fillally ol)tai~ied ib as follo\rs: 

I,.;,,,! 0.802038090 - 1.64>289688 

change is calculated by the correlation method us- 

ing SAD for image (g). The reconstructed result is 

(h). For instance, the correct 3D shape of a hall 
was obtained. The result of reconstructing (a )  of 

the original image which is not calibrated by the 

same method is (i). The curved surface part,s t,hat 

are shaded regions were not reconstructed correctly, 

and so the effectiveness of this method was proven. 

4 Conclusions 

We havr described an intensity calibration algo- 

rithm for stereo images that do not have complrte in- 

tensity correspondence. The intensity calibration is 

automatically carried out using features tliat are ro- 

bust against changes of intensity. The effrctivtness 

of this method was verified through experiments. In 

the futurr, we will drvrlop a mrthod of alltomati- 

cally selrcti~ig of a stantlard iniagc, u5ing intcbnsity 

dynamic range. 
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(a) Stereo images (Lel't I stanciard 1, Kigtlt) using segment-based stereo 
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(d) Intensity map (e) Intensity map 
after elimination of apparent contours (before iteration) (after iteration) 

(f) Iteration process (g) Refined images 

(h) Reconstructed result (i) Reconstructed result 
(after calibration) (before calibration) 




